Vaginal candidosis represents a significant health problem to women of childbearing age worldwide. It has been postulated that localized T cells play a role in protection against vaginal candidosis. In an attempt to evaluate the role of vaginal T cells in protection against vaginal candidosis, T cell population kinetics was evaluated using an oestrogen-dependent vaginal candidosis murine model. Vaginal T lymphocytes were isolated at different time points post C. albicans inoculation, viable cells were enumerated, phenotypically analysed for the expression of CD3, CD4 and CD8 T cell markers and absolute numbers of T cell subsets were calculated. Oestrogen-induced persistence of vaginal candidosis resulted in a significant increase in the total number of vaginal lymphocytes within 24-48 h post infection; increased vaginal lymphocyte numbers persisted throughout the infection period. The number of CD3 + T cells dramatically increased following C. albicans administration and was maintained at high levels throughout the infection period. The majority of CD3 + T cells were of the CD8 + type; however, considerable numbers of both CD4
INTRODUCTION
Vaginal candidosis and recurrent vulvovaginal candidosis (RVVC) represent a major health problem to women of childbearing age in many countries [1, 2] . The leading cause of vaginal candidosis, Candida albicans , resides as a commensal in the mucosa of the reproductive tract [3] . Vaginal candidosis and RVVC has been attributed to several predisposing factors including the presence of oestrogen in the reproductive tract and host compromised immunity [4] . Oestrogen is known to promote C. albicans adhesion by inducing hyphal growth [5, 6] . Oestriol, pregnanediol, pregnanetrial and estradiol increase germination of C. albicans [7, 8] . Moreover, the pleotropic effects of oestrogen on the epithelial surface of the reproductive tract are thought to facilitate and enhance C. albicans adhesion and colonization [6] .
Studies which have examined anticandidal immune responses in women with RVVC and those carried out in murine models of oestrogen-dependent vaginal candidosis (EDVC) have collectively shown that systemic cell-mediated immunity (CMI) plays a minor role in protection against vaginal candidosis [9] [10] [11] [12] [13] . Although localized vaginal C. albicans infection induces systemic T cell responses [14] [15] [16] , preinduced Candida-specific systemic CMI is only mildly protective against vaginal candidosis [9] . Circulating CD4
+ and CD8 + T cells were shown to be of little significance in the defense against experimental vaginal candidosis [11] . This is further supported by the observation that a significant percentage of RVVC cases occur in women with competent immunity [4, 17] . Several recent reports however, have indicated that CD8 + T cells play a significant role in protection against systemic and mucosal candidosis [18] [19] [20] . Studies which have addressed the role of polymorphonuclear cells [21, 22] and humoral immunity [4] have shown that, though important, neither confers significant levels of protection against vaginal C. albicans infections. Based on these observations, it has been postulated that localized CMI may be responsible for the major immune response against vaginal C. albicans infections [13] [14] [15] [16] . Significant numbers of vaginal T lymphocytes reside within the vaginal mucosa [23] . Previous studies which have evaluated the phenotypic properties of vaginal T cells have shown that the majority of these T cells are CD3 +
CD4
+ T cells; a notably increased percentage of TCR-gd + T cells compared with peripheral T cells was also reported [24] .
Recently, it has been reported that the percentage of the various T cell subsets does not significantly change during experimental vaginal candidosis even if vaginal T cells are involved in protection against C. albicans vaginal infection [25] . If we accept the premise that T lymphocytes do play a role in protection against vaginal candidosis [13] [14] [15] [16] 23, 24] , how can they do that without noticeably changing their kinetics as suggested by the report of Fidel et al. [25] . In other words, it is rather difficult to accept these findings as a plausible scenario to accommodate for possible T cell-mediated immune responses against vaginal candidosis. Therefore, the role of vaginal T cells in protection against vaginal candidosis at the vaginal mucosa level is still obscure. In this study, kinetics of vaginal T lymphocytes in terms of absolute numbers of the various T cell subsets during vaginal candidosis as means of assessing the role of T cells in protection against vaginal candidosis was addressed using the EDVC murine model. Concomitant with these studies, delayed type hypersensitivity (DTH) responses in correlation with the levels of C. albicans colonization were assayed at different time points during the course of infection in order to examine the level of immune competence of the host under the influence of oestrogen.
MATERIALS AND METHODS

Mice
Twelve to 14 week-old female Balb/c mice raised at the Hashemite University vivarium were used throughout the study.
Construction of the EDVC murine model
ATCC C. albicans strain 36082 used throughout the study was kindly provided by Dr MA Ghannoum (Mycology Reference Laboratory, University Hospital of Cleveland, OH, USA). The fungus was maintained on Sabouraud Dextrose Agar (SDA) (Difco, Detroit, MI, USA), stored at 4 ∞ C and subcultured at 3 month intervals. For inoculation, overnight cultures of C. albicans were grown at 37 ∞ C in SD broth as described previously [26] . Immediately before use, cells were harvested and washed twice in sterile physiological saline (SPS). Oestrogen was administered subcutaneously by injecting 0·5 mg of estradiol valerate (Schering AG, Germany) dissolved in 0·1 ml sesame oil 72 h prior to C. albicans inoculation and at weekly intervals thereafter. The vaginal C. albicans inoculate consisted of 50 m l containing 2 ¥ 10 7 viable stationary-phase blastoconidia.
Examination of DTH responses
Testing for DTH responses was carried out as previously described [22, 27, 28] . Briefly, for each experimental group, separate groups of mice (4 mice per group) were right footpadchallenged with 2 ¥ 10 7 heat-killed C. albicans in 50 m l pyrogen free saline at 2, 3, 4, 5 and 6 weeks post inoculation. The left footpad of all mice of all groups received 50 m l pyrogen free SPS. Thickness of the right and left footpads was measured 48 h later using a Schnelltaster caliper (H.T. Kroplin Hessen, Schluchtern, Germany). The reaction was considered as positive when the difference between the right versus left footpads was greater than 0·2 mm [29] . Data reported here is the average of three separate experiments.
Evaluation of C. albicans colonization
Mice were sacrificed at different time points post C. albicans inoculation; the vagina was isolated, examined for the presence of white lesions characteristic of C. albicans infection, trimmed and homogenized in 10 ml SPS in a sterile glass homogenizer (Ystral GmbH, Gottingen, Germany). Serial 10-fold dilutions were prepared from the homogenate; 1 ml aliquots of the appropriate dilution were added into culture plates containing 10 ml SDA and chloramphenicol at 50 mg/l, plates were left to solidify and then incubated at 37 ∞ C; each sample dilution was cultured in triplicate. Yeast colonies were counted 48 h after plating and colonization results were expressed as the mean colony-forming unit (CFU) per mouse based on data from three animals per group.
Isolation and phenotypic analysis of vaginal T lymphocytes
Isolation of vaginal T lymphocytes, staining and flow cytometric analysis was performed essentially as previously described [23] [24] [25] 30] . Briefly, 5-6 mice were sacrificed per group per time point, the vagina was isolated and flushed with normal saline, opened up longitudinally and cut into 2 mm pieces. Tissue pieces were placed in 50 ml of warm RPMI-1640 (Sigma Chemicals, St Louis, MO, USA) solution containing 10 m M EDTA plus 1 m M DTT and stirred for 30 min at 37 ∞ C. The suspension was filtered through a 1-g nylon wool column moisturized with warm HBSS (Sigma Chemicals), filtrate was centrifuged and cell pellet was suspended in 1 ml HBSS. Cells were then counted, evaluated for viability using trypan blue vital stain and prepared for staining; 
Statistical analysis
Using experimental mean values, analysis of variance ( ANOVA ) test was employed to determine levels of significance within each experimental group (one-way ANOVA ) and between different experimental groups (two-way ANOVA ) regarding DTH responses and lymphocyte absolute numbers. Fisher's least significant difference (LSD) test was used to determine the difference between different means. Statistical analysis of T lymphocyte subpopulations within and between experimental groups was conducted using the student t -test at P < 0·005.
RESULTS
Oestrogen treatment results in persistence of colonization and suppression of DTH responses
Levels of vaginal C. albicans colonization were evaluated at different time points following inoculation. Consistent with previous reports [31] , treated infected mice exhibited significantly higher levels of C. albicans burden compared with that in infected untreated mice. Furthermore, C. albicans colonization was far more persistent in the treated infected group compared with that in the untreated infected group (Fig. 1 ). Though persistent, levels of colonization in treated infected mice precipitously decreased until the infection was completely cleared off by week eight of inoculation. No detectable levels of C. albicans colonization were observed in mice from the naive untreated control group.
Footpad swelling, as a measure of the DTH response, was evaluated in untreated infected mice, treated infected mice and naïve untreated mice. As shown in Fig. 2 , there were significant differences between untreated naïve mice and infected untreated mice ( P < 0·00000005) or infected treated mice ( P < 0·0000005) throughout the study period. Consistent with previous reports [31] , footpad swelling was significantly greater in untreated infected mice compared with that in treated infected mice especially at week 5 ( P < 0·000002) and week 6 ( P < 0·00002). This suggests that oestrogen has a suppressive effect on the capacity of treated infected mice to mount effective cell-mediated immune responses against vaginal candidosis. Notwithstanding the pleotropic effects of oestrogen [5, 6] , this may partially explain the persistence of C. albicans colonization in the EDVC model.
Kinetics of vaginal lymphocytes during experimental vaginal candidosis
The absolute numbers of vaginal lymphocytes isolated from naïve untreated mice, treated noninfected mice, untreated infected mice and treated infected mice were evaluated at different time points following the start of the experiment. As shown in Fig. 3 , the number of vaginal lymphocytes was less than 3 ¥ 10 4 cells per naïve mouse. Consistent with previous findings [25] , oestrogen treatment alone resulted in a minor increase in the absolute numbers of vaginal lymphocytes, which was statistically insignificant when compared with that observed in naive untreated mice. The kinetics of vaginal lymphocytes in the treated noninfected group was such that absolute lymphocyte numbers gradually but insignificantly increased within the first week; the numbers remained basically unchanged for the rest of the treatment period (24 days) in this group. Consistent with the transient pattern of C. albicans colonization in untreated infected mice, the absolute number of vaginal lymphocytes precipitously decreased to background levels within about two weeks post infection. In that, absolute numbers at day one were significantly higher than that at all subsequent time points ( P = 3·86 ¥ 10 -13 for day 1 versus day 8; P = 1·94 ¥ 10 -12 for day 1 versus day 16 and P = 7·61 ¥ 10 -13 for day 1 versus day 52). In the treated infected group, the number of vaginal lymphocytes continued to increase following infection; a peak was consistently noted between the third and fourth week of infection (day 16 to day 31). Statistically significant differences in absolute numbers were observed when comparing the early versus middle phases of the infection period. In that statistical comparison of absolute lymphocyte numbers obtained at day 1 versus those obtained at day 16 yielded a P-value of 1·97 ¥ 10 -7 , day 2 versus day 16 yielded a P-value of 0·000072 and day 8 versus day 16 yielded a P-value of 4·9 ¥ 10 -8 . Furthermore, statistically significant differences in absolute numbers were also observed when comparing the middle versus late phases of the infection period. In that statistical comparison of absolute lymphocyte numbers obtained at day 16 versus those obtained at day 52 yielded a Pvalue of 8·79 ¥ 10 -6 and day 16 versus day 62 yielded a P-value of 4·02 ¥ 10 -7 . However, no significant differences were observed when absolute numbers at day 16 were compared with those observed at day 31 (P = 0·018862) or when those observed at day 23 were compared with those observed at day 31 (P = 0·111129). Absolute lymphocyte numbers observed in untreated infected mice were statistically different from those observed in treated infected mice at various time points (P < 0·001) and from those observed in untreated infected mice during the early phase of infection (P < 0·001). Overall, increased numbers of vaginal lymphocytes were maintained throughout the infection period in the treated infected group compared with those in the untreated infected group or the naïve untreated control group. These results suggest that either a massive influx of peripheral lymphocytes occurs immediately following C. albicans infection or that significant levels of in situ lymphocyte proliferation proportional to the levels of colonization occur during the course of infection or perhaps a combination of both events.
Vaginal T lymphocyte subset distribution during experimental vaginal candidosis
Distribution of the various vaginal T lymphocyte subsets at different time points during experimental vaginal candidosis was phenotypically evaluated. Figure 4 depicts the percentage distribution of vaginal CD3 + , CD4 + and CD8 + T lymphocytes isolated from untreated infected mice and treated infected mice at representative time points. In the untreated infected group, the percentage of CD3 + remained at greater than 90% throughout the study period; however, it fluctuated between 60 and 90% in the treated infected group. Additionally, the percentage of CD8 + T cells in both groups was higher than that of CD4
+ T cells at all time points tested. To gain more insight into the vaginal T lymphocyte population kinetics during experimental vaginal candidosis, absolute numbers per T cell subset in naive untreated mice, treated noninfected mice, untreated infected mice and treated infected mice were evaluated at different time points following the start of the experiment (Fig. 5 ). CD3 + , CD8
+ and CD4 + T cell subsets were generally present at significantly higher numbers in the treated infected group compared with that in the untreated infected group (P < 0·000282 for CD3, P < 0·014006 for CD8 and P < 0·004637 for CD4). Though low, the absolute numbers of CD3 + , CD4
+ and CD8 + T cell subsets were significantly higher in the untreated infected group compared with those in the naïve untreated group throughout the infection period (P < 0·0005) and with those in the treated noninfected group (P < 0·01). No statistically significant differences were observed when absolute numbers of CD3 + , CD4
+ or CD8 + T cell subsets in naive untreated mice were compared with those in treated noninfected mice at any time point following the star of the experiment. This suggests that oestrogen, independent of infection, may not be sufficient to induce significant changes in the number or subset distribution of the vaginal T cell population. The majority of CD3 + T cells isolated from the infected treated group were CD8 + this was consistent throughout the study period. Absolute numbers of CD4 + T cells consistently remained at less than 10-15% that of the total CD3 + T cell numbers. Similar to the pattern of total lymphocyte numbers shown in Fig. 3 , a peak in CD3 + T cells and CD8 + T cells was repeatedly noted at around week three-four of infection. Prior to and during this period, levels of C. albicans colonization showed a precipitous decrease followed by an increase at about week 5 post infection; this was consistently observed in three separate experiments. Interestingly, a population of CD4 + CD8 + (DP) T cells was detected in naïve mice, which expanded considerably in the untreated infected and treated infected groups during the course of infection (Figs 4 and 5) . Numbers of DP T cells were statistically not different in the untreated infected versus that in the treated infected group (P < 0·0738).
DISCUSSION
Several important points can be concluded based on the results of this study. First, the total number of vaginal lymphocytes + and CD4 + 8 + (DP) vaginal T cells isolated from naïve untreated mice, treated noninfected mice, untreated infected mice and treated infected mice were calculated at different time points following the start of the experiment. Mean cell number per vagina was obtained from pooled cell preparations isolated from 5 to 6 mice per group ± SD, data reported is based on three separate experiments per group. ᮀ infected untreated mice; infected treated mice, naïve treated mice; naïve untreated mice. significantly increases and vaginal lymphocyte subset distribution significantly changes during experimental vaginal candidosis. This is consistent with previous reports, which have shown that the number of T cells especially those expressing the CD4 T cell marker significantly increase in a rat model of vaginal candidosis [32] [33] [34] . Increased T cell numbers following C. albicans infection may result from peripheral T cell homing or from in situ T cell proliferation or both. This is indicative of a possible involvement of T cells in the defense against vaginal C. albicans infection. Previously, it has been suggested that effective immune responses against vaginal candidosis occur mainly through the cellular arm of the immune system [35] . Several reports have documented the indirect involvement of T cells in fighting off localized C. albicans infections through different mechanisms [9] [10] [11] [12] [13] [14] [15] [16] . Furthermore, persistence of localized C. albicans infection in immunocompromized individuals and in T cell-deficient animal models is very well established [4, 36, 37] . Homing of T lymphocytes from the periphery to the vagina as means of initiating or consolidating cell-mediated immune responses against vaginal infections is well documented [38, 39] . Inconsistent with these findings however, is the recent observation that, notwithstanding the possible role of T cells in fighting off C. albicans infection at the vaginal mucosa level, T cells may operate without showing significant changes in their subset percentage distribution [25] . This discrepancy can be reconciled by observing that, where in the current study we have evaluated T cell subsets in terms of absolute numbers, the previous study has evaluated T cells in terms of subset percentage distribution. Changes in the number of total vaginal lymphocytes, let alone changes in numbers of the various T cell subsets, observed during the course of infection as reported here is clear evidence that subset percentage distribution analyses alone is not enough to address the role of T cells in vaginal candidosis. It should be mentioned that similar to the findings reported by Fidel et al. [25] , little changes in T cell percentage distribution were noted when subset percentage analyses were carried out on results obtained by this study (data not shown). Second, results presented here indicate that most changes in T cell number are attributable to the increase in the number of CD3 +
CD8
+ T cells suggesting that this subset is involved in the elimination of vaginal C. albicans infections. In agreement with this finding, previous studies have shown that CD8 + T cells are involved in the elimination of C. albicans from the livers of mice [18] and in protection against gastrointestinal mucosa C. albicans infections [20] . Additionally, activated CD8 + T cells were shown to inhibit the growth of C. albicans hyphae [19] . Of interest is the observation that changes in CD4 + vaginal T cell numbers during experimental vaginal candidosis were much less pronounced compared with those of CD8 + T cells. This is slightly different from previous findings however, which have indicated that CD4 + and not CD8
+ vaginal T cells are the subject of considerable change in a rat model of vaginal candidosis [33, 34] . Previous studies have shown that vaginal T cells partially express a unique CD4 molecule which may not be picked up by antibodies against the conventional CD4 molecule [40] , which may partially explain the low numbers of CD4 + T cell compared to that of CD8 + T cells. It is worth noting that at any time point during the course of infection, the combined number of CD4 + , DP and CD8 + T cells is less than that of the number of CD3 + T cells. Therefore, it is possible that this difference can be accounted for by undetected CD4 + vaginal T cells. While the results implicate the CD8 + vaginal T cell subset as a potential player in protection against vaginal candidosis, one should not loose sight of the possible role of CD4 + T cells in this process which have been recently reported to play a major immunological role against vaginal candidosis [34] .
Third, the patterns of C. albicans colonization, DTH responses and T cell subset population kinetics suggest that, under the influence of oestrogen, there is continuous interaction between the pathogen and T cells. Coupled with the oestrogeninduced colonization-enhancing conditions [5, 6] , suppressed immunity in the EDVC mouse model may be partially responsible for the prolonged persistence of C. albicans vaginal infection. Not withstanding the fact that it takes more than 8 weeks for the infection to resolve in infected mice in the presence of oestrogen compared with about 1 week in the absence of oestrogen, the infection do ultimately resolve. Instead of viewing the dramatic increase in T cell numbers during vaginal candidosis and suppressed immunity as contradictory findings, they may be two aspects of the same scenario, in that immunosuppression may be qualitative rather than quantitative. Should this hold true, T cells are likely to be undergoing continuous interaction with the pathogen during active vaginal candidosis until they clear off the infection. The alternative to this possibility is to view immunosuppression in this case as a periphery restricted phenomenon. This is highly unlikely based on the observation that vaginal candidosis in the EDVC model is persistent [31] and the observation that systemic T cells play a minor role in protection against vaginal candidosis [9] . Therefore, irrespective of the state of immunocompetence at the systemic level, immunocompetence at the local level is the significant component in the fight against vaginal candidosis.
Fourth, CD4 + CD8 + (DP) T cells seen in the vaginal mucosa meliu before and during the course of infection, though may not have functional role, may be in situ T cell precursors involved in some sort of a local (extrathymic) T cell development event within the vaginal mucosa. As a precedent for this proposition, the occurrence of extrathymic T cell development within the murine small intestinal mucosa has been extensively studied and documented [30, 41] . It is worth noting that parallels between vaginal T cells and intestinal intraepithelial lymphocytes (IEL) can be drawn. Both populations are localized, they both contain much higher percentages of TCR-gd + T cells and CD3 -T cells compared with peripheral T cells [23, 24] . Parallels between the vaginal mucosa and that of the small intestine in terms of continuous exposure to diverse repretoires of pathogens and the need for localized, rapid and efficient immune response of relativeindependence of the periphery are readily clear. In this context, it is of interest to evaluate the possibility of localized extrathymic T cell development and functional maturation within the vaginal mucosa meliu.
In conclusion, results obtained by this study suggest that changes in the number of vaginal T cell subsets do indeed occur during experimental vaginal candidosis; most significant changes occur in the number of CD8 + T cells. This is indicative of the potential role of T cells in the defense against vaginal candidosis. In light of these findings, persistence of vaginal candidosis can be interpreted in immunological terms as a window of time required for the immune system to muster enough strength to clear off the infection; the length of which varies depending on the degree of immunocompetence of the host. In healthy women of childbearing age, the concentration of oestrogen in the reproductive tract environment might be a factor of great significance in this regard.
